Abstract Research Article
IntroductIon
Bronchiolitis is an acute inflammatory injury of the bronchioles that is usually caused by a viral infection (most commonly by respiratory syncytial virus). Severe symptoms are more often seen in young infants. [1] Management is mainly supportive, includes proper hydration and moist oxygen support delivered through either face mask, nasal cannulae, noninvasive continuous positive airway pressure (nCPAP) or hot humidified high-flow nasal cannulae (HHHNFC). Severe cases may require mechanical ventilation (MV). [2] [3] [4] [5] nCPAP in bronchiolitis acts by widening the peripheral lung airways thus allowing the overdistended lungs in bronchiolitis to deflate. It also prevents the collapse of the poorly supported peripheral airways during expiration by increasing the airway pressure, thus increasing Functional residual capacity (FRC) which in turn increases gaseous exchange and hence oxygenation. A constant airway pressure during nCPAP support maintains airway patency throughout the breath cycle, thus causing unloading of respiratory muscles and an improvement in breathing pattern.
Over the last decade, HHHFNC therapy has emerged as a new method to provide respiratory support for bronchiolitis. [6] Nasal cannulae, which were first used to administer supplemental oxygen (low-flow therapy) on a large scale, also showed the capability for the administration of nCPAP through HFNC as it developed. Needless to say, apart from meeting-specific physical criteria, a relative humidity of 100% and a temperature of 37°C are the basic requirements of this intervention. [7] The application of HHHFNC in the Neonatal Intensive Care Unit and Pediatric Intensive Care Unit (PICU) has developed significantly during the last decade due to the fact that not only is this system capable of providing a specific percentage of the respiratory oxygen, but it can also administer noninvasive respiratory support of constant-flow CPAP without the need for any further equipment. [8] When the respiratory disease is accompanied by increasing respiratory work, supportive mechanisms of HHHFNC are specifically categorized as follows:
Dead space ventilation in the nasopharyngeal space
High-flow therapy (HFT) may eventually enhance alveolar ventilation by decreasing the dead space through establishing washout in the nasopharyngeal space by gas insufflations (GIs), which in turn increases the minute ventilation.
Decrease in respiratory work
This is the result of providing some level of splinting in the nasopharynx, which has a significant ability of compliance. When HFT produces GIs beyond demand flow in the nasopharynx, it avoids the retraction of the nasopharynx wall in inspiration and with the lowering of resistance in this space; the respiratory work also decreases in inspiration. Moreover, during expiration, the expiratory flows face resistance in the nasopharynx and are redirected to the oropharynx, which eventually decreases the expiratory work because of the occurrence of the Coanda effect in the behavior of the gas.
Providing the maximum humidity and temperature
To establish optimal gas exchange, the airways increase the temperature and humidity of the inhaled gases to 37°C and 100%, respectively, while the HFT systems blocks energy wastage in the airways by establishing these conditions and eventually improving lung mechanics.
Study rationale
We conducted a prospective, randomized, pilot study involving patients admitted to the PICU with Bronchiolitis, complicated with acute hypoxemic respiratory failure to determine whether high-flow oxygen therapy as compared with noninvasive ventilation (NIV) therapy, could reduce the need of MV and improve outcomes.
Methods

Study design
We conducted a single-center, prospective, parallel group, open-label, and randomized pilot study at PICU of a tertiary care teaching hospital from September 2016 to February 2017. Approval was obtained from the institutional ethics committee. Informed written consent was obtained from at least one parent or a legal guardian before enrollment.
Participants
The inclusion criteria included (i) age 28 days to 12 months, i.e., infants excluding neonates; (ii) diagnosis of severe bronchiolitis consistent with clinical features (history of cough, prolonged expiration, tachypnea, retraction of the chest wall or grunting, wheezing, rales or rhonchi; supporting chest x-ray findings of hyperinflation); and (iii) fulfilling the criteria stating the need for nCPAP or HHHNFC, i.e., (peripheral capillary oxygen saturation [SpO 2 ] <92% mmHg breathing room air) and/or Respiratory Distress Assessment Index (RDAI) ≥11. [9] The SpO 2 of <92% breathing room air was chosen as a compromise between the severity of respiratory failure and patient safety during the study protocol.
Exclusion criteria were (i) emergency need for intubation; (ii) Glasgow Coma Scale <11; (iii) major acidosis (pH < 7.25); (iv) hypercapnia (partial pressure of carbon-dioxide [PaCO 2 ] >55 mmHg); (v) cough or gag reflex impairment; (vi) upper-airway obstruction; (vii) facial/gastric surgery; (ix) hemodynamic instability; and (x) uncorrected cyanotic congenital heart disease or pulmonary vascular anomalies.
Randomization and masking
Eligible patients were randomized using on-site computer-generated block randomization schedule to receive either nCPAP or HHHFNC.
Baseline data-collection
Sociodemographic variables (age, sex, and immunization status details) were recorded. During CPAP/HFNC treatment, all children were intensively observed by a trained nurse and thoroughly examined for respiratory and hemodynamic parameters such as body temperature, heart rate (HR), respiratory rate (RR), resting blood pressure (BP), and SpO2%.
RR was measured for a full minute and if fast (RR >50/min for <1 year), [9] it was remeasured and the two readings were averaged. Axillary temperature was measured using digital thermometer. Baseline SPO2% was measured using a pulse-oximeter with a probe on a finger or toe, in room air.
Baseline complete hemogram and chest X-ray were performed in all subjects at enrolment, as part of routine workup. As the study population is infants with severe bronchiolitis, who needed some respiratory support by nCPAP or HHHNFC and or RDAI ≥11, for this set of patients serial ABG is done as a part of routine care. Arterial line was done in the radial artery after modified Allen's test of randomized patients. Patency of arterial line was maintained with continuous heparin infusion -@ 1-2 ml/h and concentration of 1 unit/ml. No complication was noted due to arterial line. [10] Blood samples were obtained aseptically using heparinized 1mL syringe, and blood gas analysis was done using automated ABG analyzer (OPTI CCA-TS Blood Gas Analyzer 2003, OPTI Medical, USA). Separate informed consent was taken from the parents for placement of arterial line.
Intervention
Infants were studied for either of the NIV modality under the study. Treatment sequence was assigned by randomization schedule generated on-site. Thus, 16 infants received nCPAP through a nasal mask (SERVO-i®, Maquet; Getinge Group, Sweden). CPAP was usually started at 4 cm H 2 O and increased as necessary up to a maximum of 8 cm H 2 O. Nasal prong or nasal mask (SERVO-i®, Maquet; Getinge Group, Sweden) of appropriate size which was snugly fitted and produces minimum leak and maximum comfort was used as interface.
Fifteen infants received oxygen through HHHFNC (AIRVO™ 2, Fisher and Paykel Healthcare Limited, New Zealand), applied continuously through large-bore binasal prongs, with a gas flow rate of 2 L/kg/min for the children less than equal to 10 kg and for children >10 kg 2 L/kg/min for the first 10 kg + 0.5 L/kg/min for each kg above that and FiO 2 of 0.4 at initiation. [11] The fraction of oxygen in the gas flowing in the system was subsequently adjusted to maintain a SpO 2 of 94% or more.
Primary endpoint assessments were done at 2, 6, 12, 24, 36, and 48 h after initiation of treatment. At 48 h, number of infants still maintaining stable parameters in both groups was noted. Medical treatment of infants with acute bronchiolitis remained unchanged for study purposes, as per the standard hospital protocol. A nasogastric tube was placed for enteral feeding.
In case of NIV failure, the protocol was stopped and clinical treatment was performed according to clinical judgment. Criteria for endotracheal intubation included (i) NIV failure; (ii) clinical signs of exhaustion; (iii) need to protect airways and/or manage copious tracheal secretions; (iv) persistent air leak; (v) deterioration in gas exchange, i.e., required FiO 2 >60% and SpO 2 <92%; (vi) patient intolerance; (vii) hemodynamic impairment; or (vii) major adverse patient event (hemodynamic instability, pneumothorax, hypercapnic coma, and cardiac arrest).
Statistical analysis Outcome measure(s)
Primary outcome: Reduction of the need of MV, which was assessed by improvement in (i) HR; RR; (ii) RDAI from preintervention value; (iii) SpO 2 (iii) PaCO 2 ; (iv) partial pressure of oxygen (PaO 2 ); and (v) COMFORT Score. [12] Secondary outcome: (i) Total duration of NIV support; (ii) PICU length of stay (LOS); and (iii) incidence of nasal injury (NI).
Definition(s)
"NIV failure:" If HR and/or RR remained unchanged/increased; required FiO 2 >60% for nCPAP with PEEP >8; required FiO 2 >60% for HHHFNC with maximum O 2 flow rate to maintain SpO 2 >94% and no improvement or increase in RDAI score.
The persistent air leak was defined as the presence of leaks around the interface that affected circuit pressurization <3 cm H 2 O despite repeated positioning.
Tolerance to the interface was assessed by use of COMFORT scale, used by Bueno Campaña, et al. [12] According to this scale, maximum score was 16 which indicate maximum comfort state and the minimum score was 4 which indicate minimum comfort state.
Subjective assessment of respiratory distress was done according to RDAI [9] scoring based on wheezing/crackles and retractions (maximum point for wheezing = 8; retractions = 9) on both NIV types.
The nasal injuries were defined as the appearance of erythema with erosion, crusting and excoriation to scaling at the base of the septum, medial aspect of the septum, over the alae nasi and nasal bridge.
Statistical analysis
The GraphPad package (2015 GraphPad Software, Inc., CA, USA) was used for all analyses. Descriptive statistics was calculated for quantitative variables (mean ± standard deviation and 95% confidence interval, median with interquartile range) and for qualitative variables (absolute and percentage frequencies). Normality distribution was estimated by Kolmogorov-Smirnov test. Data showed mixed distribution. Continuous data were analyzed by Student's independent t-test (for parametric data) or Mann-Whitney U-test (for nonparametric data). Categorical data were analyzed by Chi-square or Fischer's exact test. P < 0.05 was considered statistically significant. Intention-to-treat analysis was used in this study, taking the worst case scenario for patients who dropped out from the study into consideration.
Sample size calculation
Calculations were based on data from data from previous studies.
[ [3] [4] [5] [6] Assuming risk of acute respiratory failure in nCPAP group at 40% and 20% in HHHFNC group, and considering α error at 5% and β at 20% the calculated sample size was 170. However, as the current study is a pilot study to assess the feasibility and obtain preliminary data, with the standardized effect size of 0.4, 80% power of the main study and 5% Type I error rate optimal pilot trial sample size calculated as 28. Anticipating a 10%-15% dropout rate; 31 patients were taken.
results
The flow chart of study progress has been reported in Figure 1 . From September 2016 to February 2017, 62 patients were admitted with the clinical diagnosis of bronchiolitis in our hospital. Thirty-five patients met the inclusion criteria. A total of 31 patients were randomized, 16 were allocated in nCPAP group and 15 in HHHFNC Group. Two patients were excluded for the need of immediate intubation, and two patients were excluded for hemodynamic instability. Mean age was 3.41 ± 1.11 months. There were no differences in baseline respiratory support parameters between groups [ Table 1 ].
One patient in each group had NIV failure and had to be intubated; hence, intubation rates were similar in both groups (P = 0.29). Functional and subjective respiratory parameters such as SpO 2 , RR, PaO 2 , PCO 2 , and RDAI scores compared between the two groups [ Table 2 ]: All the parameters were improved steadily in both groups. Improvements in all end-points tested were comparable for both groups [ Figure 2 ]. Compared to nCPAP, HHHFNC was better tolerated as indicated by better normalization of HR (P < 0.001); better COMFORT Score (P < 0.003).
Secondary outcome -Incidence of nasal injury was higher (P = 0.021) in nCPAP (n = 12, 75%) as compared to HHHFNC (n = 4, 26.66%). Mean duration of NIV on nCPAP (3.8 ± 0.80 days) and HHHFNC (3.6 ± 0.63 days) were comparable (P = 0.33). Average PICU LOS on nCPAP (5 ± 1.788 days) and HHHFNC (5 ± 1.6 days) were also comparable (P = 0.105).
Safety and adverse events
No major adverse events occurred during the study (cardiac arrest, pneumothorax, or safety system failures). Air leaks and skin sores were all more frequent in the nCPAP group (P = 0.23, 0.16, respectively). No significant differences were found between groups with respect to the incidence of gastric distension, eye irritation, and mortality.
Discussion
In this study, we investigated the effects of HHHFNC compared to NIV therapy in patients with moderately severe bronchiolitis. We also conducted a subjective patient evaluation of the two oxygen applications. Our data suggest that HHHFNC and NIV are both equally effective to reduce the need of endotracheal intubation. Both groups were comparable in terms of duration of the need of support length of PICU stay.
Metge et al., [13] in a retrospective study compared the use of a nasal continuous positive airway pressure (nCPAP) to an Oxygen weaning occurred during the same time for the two groups. There were no differences between the two groups for RR, HR, FiO 2 , and CO 2 evolution. HFNC therapy failed in three patients, two of whom required invasive MV, versus one in the nCPAP group. These results are in concordance to our findings.
On the contrary Pedersen et al. [14] in a recent (2017) study from Denmark showed CPAP was superior to HFNC in lowering RR and FiO 2 in infants with bronchiolitis. More than half of the children treated with HFNC were changed to CPAP treatment due to suspected treatment failure. There were no differences between HFNC and CPAP in treatment length, hospitalization length or transfer to PICU. However, the study was limited by its retrospective, unrandomized design, and the lack of standardized measurements. It could be planned in a prospective design (e.g., a standardized clinical score and control pCO 2 ).
There is lack of robust data comparing both therapies, though individually, both have been studied in different setups. An RCT comparing placebo versus nCPAP therapy in children <3 years with acute bronchiolitis found that nCPAP significantly improved the RR. However, changes in SpO 2 % and PaCO 2 data were imprecise, and duration of hospital stay was similar in both groups. [15] A study evaluating the feasibility of nCPAP for infants with Bronchiolitis in a pediatric ward, reported a decline in median PaCO 2 after therapy, thus it was concluded that nCPAP may be feasible in such setting, provided sufficient trained staffs and PICU referral setups were available. [16] Another study reviewing the use of nCPAP (either alone or associated with Heliox) reported a reduction of PaCO2, RR, and the modified Woods clinical asthma score after 1 h of treatment. However, after applying the GRADE system, the quality of evidence for a beneficial effect of nCPAP was considered as low. [17] In a Cochrane review article including RCTs or quasi-RCTs which assessed the effects of HHHFNC to conventional treatment in infants with a clinical diagnosis of bronchiolitis, concluded that there is insufficient evidence to determine the effectiveness of HHHFNC therapy for treating infants with bronchiolitis. Previous two clinical studies, which used HHHFNC therapy in a nonrandomized manner showed a reduction in intubation rates in critically ill infants in PICU. [18, 19] This was a pilot study to assess feasibility and obtain primary data. It was limited by small sample size and single-center study. Large multiple center RCT is required to obtain robust data to compare effectiveness of these two methods of respiratory support in acute severe bronchiolitis.
conclusIon
Our results suggest that patients on HHHFNC were more comfortable than on nCPAP. Greater improvement in breathing pattern, better normalization of physiologic parameters (viz., HR and COMFORT index) and lower incidence of adverse events (nasal injury, air leaks, and skin lesions) makes HHHFNC a more feasible alternative in infants. Such results merit further exploration in a larger cohort.
